It has been suggested that heterosegmentally activated slow positive potentials (HSP), recorded from the spinal cord of rat and humans, are feedback inhibitory potentials. The present study was carried out to define ascending and descending spinal tracts and the sites of central nuclei involved in the production of these HSP, and the effects of ketamine on these central nuclei. The spinal cords in ketamine-anaesthetized rats were transected to determine the ascending and descending tracts involved in the production of hindpaw (HP) and forepaw (FP) HSP, respectively. Lesions of the brain at various levels were performed stereotactically during ketamine anaesthesia. Dorsal one-third resection of the cord at the T8-9 level did not affect HSP significantly, while contralateral lesion of the dorsal two-thirds of the cord decreased FP-HSP but not HP-HSP during ketamine. Bilateral transection of the ventral one-third of the cord abolished both HSP. Ablation of the cerebral cortex, cerebellum, thalamus, midbrain and pons did not affect HSP significantly. However, transection of the middle medulla decreased, while transection of the most caudal part of the medulla completely abolished both HSP. Ketamine decreased HSP even in the medulla-spinal cord preparation and the segmental slow positive wave in spinalized animals. In ketamine-anaesthetized rats, ascending and descending spinal tracts involved in the production of HP-HSP and FP-HSP are located bilaterally in the ventrolateral quadrant and in the contralateral lateral funiculus and ventrolateral quadrant, respectively. Principal central nuclei feeding back HSP might be situated diffusely in the medulla down to the caudal part. Ketamine is suggested to suppress these inhibitory feedback potentials predominantly at, and partly even below, the level of the medulla. In addition to segmentally evoked spinal cord potentials (segSCP) produced in the segmental dorsal surface of the cord, slow positive potentials (heterosegmentally evoked slow positive potentials (HSP)) can be recorded from the heterosegmental dorsal surface of the spinal cord by peripheral skin nerve stimulation in ketamine-anaesthetized rats [1] [2] [3] , and by large nerve trunk stimulation close to the cord in conscious humans [4, 5] . Physiological and pharmacological features of these HSP suggest that they reflect feedback inhibitory activities via supraspinal structures [1] [2] [3] , probably feedback primary afferent depolarizations (PAD) [3] , providing an important feedback control system of sensory transmission, including pain. Such HSP might also provide a tool for studying the mechanism of transcutaneous electric nerve stimulation (TENS) or electroacupuncture [5] .
Summary
It has been suggested that heterosegmentally activated slow positive potentials (HSP), recorded from the spinal cord of rat and humans, are feedback inhibitory potentials. The present study was carried out to define ascending and descending spinal tracts and the sites of central nuclei involved in the production of these HSP, and the effects of ketamine on these central nuclei. The spinal cords in ketamine-anaesthetized rats were transected to determine the ascending and descending tracts involved in the production of hindpaw (HP) and forepaw (FP) HSP, respectively. Lesions of the brain at various levels were performed stereotactically during ketamine anaesthesia. Dorsal one-third resection of the cord at the T8-9 level did not affect HSP significantly, while contralateral lesion of the dorsal two-thirds of the cord decreased FP-HSP but not HP-HSP during ketamine. Bilateral transection of the ventral one-third of the cord abolished both HSP. Ablation of the cerebral cortex, cerebellum, thalamus, midbrain and pons did not affect HSP significantly. However, transection of the middle medulla decreased, while transection of the most caudal part of the medulla completely abolished both HSP. Ketamine decreased HSP even in the medulla-spinal cord preparation and the segmental slow positive wave in spinalized animals. In ketamine-anaesthetized rats, ascending and descending spinal tracts involved in the production of HP-HSP and FP-HSP are located bilaterally in the ventrolateral quadrant and in the contralateral lateral funiculus and ventrolateral quadrant, respectively. Principal central nuclei feeding back HSP might be situated diffusely in the medulla down to the caudal part. Ketamine is suggested to suppress these inhibitory feedback potentials predominantly at, and partly even below, the level of the medulla. (Br. J. Anaesth. 1996; 76: 258-265)
In addition to segmentally evoked spinal cord potentials (segSCP) produced in the segmental dorsal surface of the cord, slow positive potentials (heterosegmentally evoked slow positive potentials (HSP)) can be recorded from the heterosegmental dorsal surface of the spinal cord by peripheral skin nerve stimulation in ketamine-anaesthetized rats [1] [2] [3] , and by large nerve trunk stimulation close to the cord in conscious humans [4, 5] . Physiological and pharmacological features of these HSP suggest that they reflect feedback inhibitory activities via supraspinal structures [1] [2] [3] , probably feedback primary afferent depolarizations (PAD) [3] , providing an important feedback control system of sensory transmission, including pain. Such HSP might also provide a tool for studying the mechanism of transcutaneous electric nerve stimulation (TENS) or electroacupuncture [5] .
Previous studies in ketamine-anaesthetized rats [2] suggested that central nuclei which send the feedback impulses to the spinal cord thereby producing HSP may exist in more than one brain structure, as latencies of HSP showed interindividual variation.
The present study was undertaken to determine the central feedback nuclei involved in the production of HSP, and also the sites of the effects of ketamine on these HSP in preparations containing principal central nuclei. We also tested which portions of the cord were responsible for ascending and descending tracts producing HSP in a specially designed preparation.
Materials and methods
Approval of the Institutional Committee on Animal Experimentation was obtained, and the institutional guidelines for use of laboratory animals were observed and followed during the present study.
The experiments were carried out in 23 adult male rats, weighing 300-350 g. The anaesthetic and surgical procedures were the same as those reported in previous studies [1] [2] [3] and fresh blood from another ketamine-anaesthetized rat when bleeding exceeded 20 ml kg 91 (25-30 % of total blood volume). Arterial blood samples (0.1 ml) were obtained at the time of cannulation, at the middle of the experimental procedures, at termination of the experiment and occasionally at the time of mass bleeding (in three cases) to check the adequacy of blood gases and packed cell volume (PCV). Three animals received 22-30 ml kg 91 of fresh blood even though evoked potentials were not affected significantly. Bleeding was controlled by light pressure with cotton or by gel foam. Blood loss was determined by the dilution method. Blood was sucked into a glass bottle through a stainless tube or absorbed in the gauze. Blood in the gauze was washed gently by a saline solution in another bottle, and PCV of the diluted blood in these two bottles was measured.
Preliminary experiments with electroencephalography (EEG) and somatosensory evoked potentials from the brain and spinal cord showed no significant changes with stable arterial pressure over a period of several hours during infusion of ketamine [1] [2] [3] at a rate which was adequate to suppress behavioural responses of the rat to surgical incision without administration of a neuromuscular blocker. A cannula was inserted also through a small skin incision into the urinary bladder to allow monitoring of urine volume. The electrocardiogram was monitored continuously through needle electrodes inserted into the s.c. tissue of the thorax. Rectal temperature was maintained at 37.0-38.0 ЊC by a homeothermic blanket system.
The animals were mounted on a stereotactic frame, and laminectomies were carried out on C5-6 and T8-L1 vertebrae to expose the cervical and thoracolumbar cord. The head was also secured gently in a stereotactic frame by ear bars.
Flexible ball-tip electrodes (Ag-AgCl) were placed gently on the cervical (C5) and lumbar (L5) cord surfaces by the floating method (spring mounting) at the midline. Reference electrodes were fixed to nearby bones. A needle electrode was placed at the left preorbital area with the reference electrode at the left ear to monitor the EEG and brain evoked potentials. The right forepaws and hindpaws were stimulated electrically by a stimulator (Nihon Kohden SEN-7103) through a constant current isolation unit at 1 Hz with silver-silver chloride needle electrodes (150 m in diameter, 10 mm in length) inserted s.c. into the vestigial thumb and fourth digit on the forepaw and the first and fifth toes on the hindpaw. Stimulus (square wave monophasic pulse, 0.1 ms) intensity was adjusted to 2.5-10 threshold strength (1.3-1.7 to 13-17 V) for the segmental negative cord dorsum potential (N1) so that it constantly produced slow positive waves in all animals. The same stimulus was applied to both fore-and hindpaws using a switch box. The stimulus intensity used was monitored in a preliminary study by recording the nerve action potentials from the sural nerve at the end of the experiments, and verified to evoke A␤ and A␦ fibre action potentials but not C fibre action potentials (13-17 V) [2] . All potential changes were averaged (n : 50) by a computer (ATAC 1300, Nihon Kohden) and plotted on an X-Y plotter.
The peak amplitudes of N1 and P2 components in the segSCP and those of HSP were measured from the background activity (see tables 1 and 2). The background activity (the pre-response baseline) was recorded in response to forepaw (FP) or hindpaw (HP) stimulation at the subthreshold strength in each experiment.
All evoked potential recordings were conducted under stable haemodynamics (mean arterial pressure (MAP) 70-105 mm Hg; heart rate (HR) 380-450 beat min
91
). A slight transient increase and an increase followed by a decrease in MAP and HR were sometimes observed during skin incision and spinal cord lesion, respectively, but not during electrical stimulations.
EXPERIMENT I: SPINAL CORD LESIONS As shown in figure 1 , transection of the spinal cord at the thoracic level destroyed the ascending tract for HP-HSP and that of the descending tract for FP-HSP, which was described originally by Villanueva and colleagues in their study on diffuse noxious inhibitory control (DNIC) [6] . Pilot studies showed that electrical coagulation methods extended substantially beyond the limit of the lesion to the surrounding tissues on histological examination. Therefore, we prepared small pieces of razors to insert perpendicularly from the dorsal surface of the spinal cord, and fixed the cord by injecting 10 % formalin i.v. at the end of the experiment for histological examination. Six pieces of razors were inserted into the cord, one by one, at the T8-T9 level, as shown in figure 1, 0.5 mm apart, from the caudal to the rostral sites after eliminating the arachnoid and pia maters with a fine pincette under light microscopy, and the evoked potentials were recorded following each additional lesion. The ventrodorsal axis (diameter) of the spinal cord was measured in preliminary experiments in five rats and the depth of insertion was determined as shown in figure 1 . Differences between the stereotactically induced lesions and histological examination were within the range of 0.05 mm.
EXPERIMENT II: BRAIN LESIONS AND EFFECTS OF

KETAMINE
After craniotomy and exposure of cerebral and cerebellar cortices, suction of brain tissue throughout the cerebral cortex and whole cerebellum was carried out with the assistance of a bipolar blood coagulation apparatus under a stereotactic microscope.
The thalamus with the underlying hypothalamus was resected at the level of AP ; 4.5 mm ( fig. 1 ) using a plate with a sharpened edge, leaving the most part of the midbrain according to the stereotactic brain map of Paxinos and Watson [7] . The midbrain and pons were severed at the level of AP < 0 mm, leaving the medulla intact. Transection was performed at the level of the middle medulla, AP 9 2.5 ( fig. 1 ). Finally, the most caudal part of the medulla was transected at the level of AP95.75 mm, thus separating the whole medulla from the spinal cord ( fig. 1 ) [7] . In the latter part of the experiment (in six of 14 animals), the third and fourth transections were conducted initially, as the first to third procedures did not affect HSP.
The third and fourth procedures sometimes caused transient hypotension and arrhythmia (two and one in the third and fourth sections, respectively) which recovered fully within 2-5 min with Ringer's lactate solution, or blood, or both, and no pharmacological intervention.
Evoked potential recordings were performed at least 30 min after each step of brain lesion, as the evoked potentials sometimes showed transient suppression and subsequent recovery 10-25 min after lesion. During this 30-min waiting period, Ringer's lactate solution with or without blood or bicarbonate was infused rapidly when MAP decreased to less The spinal cord was transected at the T8-9 level so that the afferent tract for HSP evoked by hindpaw (HP) stimulation and the descending tract for that evoked by forepaw (FP) stimulation were blocked, respectively. B: The spinal cord was hemisected from the contralateral dorsal one-third (cut 1) to the ipsilateral ventral one-third, from caudal to rostral, 0.5 mm apart, as shown in (A). Small pieces of razors were inserted stereotactically, one by one, from the dorsal surface of the cord at 0.93-mm steps. C: The brain lesion was carried out as described in the text from lesion 1 to lesion 5. Lesion 1 : resection of whole cerebral cortex and cerebellum; lesion 2 : resection between the thalamus, including the hypothalamus and the midbrain, at AP;4.5, according to the atlas of Paxinos and Watson [7] ; lesion 3 : transection between the pons and medulla oblongata at AP < 0; lesion 4 : transection at the middle part of the medulla at AP92.5; lesion 5 : transection at the most caudal part of the medulla oblongata at AP95.75 mm. than 60 mm Hg or when base excess decreased to less than 95 mmol litre 91 , respectively. All surgical procedures were carried out under ketamine anaesthesia. Preliminary experiments showed that even the lesions down to the pons did not change HSP significantly which, however, decreased when the lesion was made at the middle of the medulla (the fourth procedure). Thus after resection of the midbrain and pons (the third procedure), ketamine infusion was stopped for 30 min to test its effect on HSP in the medulla-spinal cord preparation. In these preparations (midbrainpons lesioned animals), consciousness was thought to be lost even with elimination of the anaesthetic [8] . Furthermore, ketamine infusion was also stopped for 30 min to examine its effect on the segmental slow positive wave (P2 potential) ( fig. 2) after transection of the most caudal part of the medulla (spinalized animals).
Two-way analysis of variance was conducted to identify significant differences in amplitude and latency changes in HSP and segmental spinal cord potentials after each surgical intervention. After this analysis, the least significant difference test for multiple comparison [9] was carried out when significant differences were found. With transection of the most caudal part of the medulla, the amplitudes of both HSP activated by heterosegmental stimulation diminished nearly to zero. For data analysis, these amplitudes were considered less than 1 % of control and non-parametric Wilcoxon's signed ranks tests [10] were conducted to calculate statistical significance of differences from control values. P : 0.05 was considered significant.
Results
EXPERIMENT I: EFFECTS OF SPINAL CORD
TRANSECTION
Neither HP-HSP nor FP-HSP changed significantly when the dorsal one-third of the cord was transected bilaterally at the T8-9 level (table 1, cuts 1 and 2). However, additional hemisection of the dorsal twothirds of the contralateral cord decreased FP-HSP significantly (table 1, [7] . Note that there were no significant changes in HSP, but that the N2 of segSCP disappeared. C: HSP in this medulla-spinal cord preparation 30 min after cessation of ketamine infusion. HSP and P2 of the segSCP were markedly augmented. D: Effects of transecting the medulla oblongata at its middle level (AP 9 2.5 mm). Both HSP and P2 of segSCP were substantially decreased. E: Effects of transection at the most caudal part of the medulla oblongata at the level of AP 9 5.75 mm. Note that HSP disappeared and the P2 of segSCP decreased. F: Ketamine infusion was stopped for 30 min in this spinalized preparation. Note that HSP did not reappear, but that the P2 of segSCP was substantially augmented.
aration, HSP did not reappear, but the segmental slow positive potential (P2) showed a significant increase in amplitude compared with that during infusion of ketamine.
Discussion
We have demonstrated that the ascending tract involved in the production of HSP was situated at the ventrolateral quadrant of the spinal cord, whereas the descending tract for the slow potentials was localized partially in the contralateral lateral funiculus and mostly in the bilateral ventrolateral quadrants.
The present study showed also that HSP were not changed significantly by lesions of the cerebral cortex, cerebellum, thalamus, midbrain and pons, but were diminished by transection of the middle part of the medulla and disappeared with transection of the most caudal part of the medulla. The results suggest that the feedback nuclei are situated diffusely in the medulla. Even in the midbrain-ponseliminated preparation (the medulla-spinal cord preparation), termination of ketamine infusion augmented HSP, suggesting that ketamine produced a depressant effect on HSP also at the level of the central nuclei in the medulla oblongata. Transection of the most caudal part of the medulla led to the disappearance of HSP. Stopping infusion of ketamine in this spinal transection preparation again increased the amplitude of the slow positive component (P2) but not the negative (N1) component of the segmental spinal cord potential (segSCP), suggesting that ketamine also has a depressant effect on HSP and P2 at the level of the spinal cord.
The present method of spinal cord lesion was adopted after several other procedures, including radiofrequency cutting and injection of neurotoxins, were tested. Although these methods were simple, it was difficult to predict accurately the extent of the lesions. The present method of transecting the spinal cord was rather complicated, but may produce an accurately predictable lesion, which was supported by microscopic examination afterwards.
The resection and transection methods of the brain tissue under a microscope and stereotactic apparatus seemed more promising, as these provided an open field to observe the extent of lesion and the complete resection of the brain at a specific level. Blood transfusion was carried out in only three rats in which bleeding exceeded 20 ml kg 91 (25-30 % of total blood volume). Arterial pressure and heart rate in the other animals were controlled easily by rapid transfusion of Ringer's lactate solution only. Thus this method of brain lesion seemed to be advantageous for defined destruction of brain tissue, provided that bleeding and blood transfusion were controlled properly.
Transection of the spinal cord at the thoracic level (T8-9) has been shown to produce lesions of the ascending tracts for HP-HSP and of the descending tracts for FP-HSP ( fig. 1) [1-3, 6 ]. Bilateral transection of the dorsal one-third of the cord did not affect either FP-HSP or HP-HSP in the present study. This result indicates that the dorsal column system was not responsible for either ascending or descending tracts involved in the production of HSP. Bilateral transection of the dorsal two-thirds of the spinal cord which covers almost all of the dorsal and lateral columns did not affect HP-HSP, and contralateral hemisection of the ventrolateral quadrant and additional total transection decreased significantly and abolished HP-HSP, respectively. These results indicate that the ascending tracts which produce HP-HSP are located bilaterally in the ventrolateral spinal funiculi.
More than two sensory pathways have been shown to be involved in the ventrolateral quadrant; part of the spinothalamic tract projecting to the medial and intralaminar thalamus travelling through the ventromedial funiculus [11] , and the spinoreticular system travelling within the ventrolateral quadrant [12] [13] [14] [15] , although some discrepancies have been reported also [16, 17] .
As described in experiment II, HSP were not affected significantly by resection at the level between the thalamus and midbrain, indicating that the rostral part of the spinothalamic tract may not be responsible for the production of HSP. On the other hand, the caudal part of the spinoreticular system which travels through the ventrolateral quadrant [12] [13] [14] [15] may be involved in these processes. Fur- thermore, the partial decrease in response to lesion of the contralateral ventrolateral quadrant, and complete disappearance of HSP by total transection of the cord indicated that the ascending pathways involved in the production of these slow potentials are partly crossed and partly uncrossed in the ventrolateral quadrant. Contralateral section of the dorsal two-thirds of the cord decreased significantly FP-HSP, indicating that descending fibres are located partially in this portion. Ipsilateral dorsolateral funiculi may not contain the descending fibres for FP-HSP, as additional section of this portion did not induce further changes in FP-HSP (table 1) .
Contralateral hemisection of the ventrolateral cord profoundly affected FP-HSP and total transection of the cord completely eliminated the appearance of FP-HSP. This result indicates that the descending fibres required for production of FP-HSP are situated predominantly in the ventral quadrant of the cord.
Several studies have shown that both the raphe spinal and nucleus reticularis paragigantocellularis (or nucleus reticularis gigantocellularis) spinal tracts travel through bilateral dorsolateral funiculi [18] [19] [20] [21] [22] [23] . These tracts have been thought to be important systems for descending inhibitory control of fast pain transmission at the spinal level. In the present study, however, these systems appeared to be involved only partially in the production of HSP, as HSP occurred even with destruction of these two nuclei, and transection of the dorsal one-third of the cord, which includes part of the dorsolateral column, did not affect HSP significantly.
It has been shown also that the pontine and medullary reticulospinal tracts are located in the ventral, ventrolateral and the most ventral portions of the dorsolateral funiculus [24] . Similarly, the rostral part of the medullary raphe nuclei such as the nucleus raphe magnus descends mainly through the dorsolateral funiculus, while the fibres from the caudal parts of the raphe nuclei such as the nuclei raphe pallidus and obscurus are located mainly in the ventral and ventrolateral funiculi [25] [26] [27] . Therefore, one or more of these structures could be the candidate which feeds back the impulses to form the descending tract for HSP.
Our data indicate that no brain structures rostral to the medulla (the entire cerebral cortex, thalamus, midbrain, pons and cerebellum) are responsible for producing HSP in ketamine-anaesthetized rats. This does not imply that the central nervous system rostral to the medulla oblongata does not influence HSP. There are four possible explanations for the lack of significant changes in HSP after lesions at or rostral to the pons: (i) ketamine might have substantially suppressed the influences from the higher central nervous system (CNS), resulting in insignificant changes in response to the lesions; (ii) some functional compensation may occur in the CNS, and the lower CNS could take over the function of the higher CNS during the 30-min wait for recovery from traumatic neuronal shock; (iii) the CNS rostral to the medulla may make no contribution to the production of HSP; and (iv) these higher CNS structures may have supplementary influences (facilitatory and inhibitory) on HSP production, whereas the medulla oblongata may be the principal site for feeding back the impulses to the spinal cord to produce HSP. The fourth mechanism might be the more relevant in view of the results of our present and previous studies [1] [2] [3] [4] [5] . In the present study, HSP were augmented markedly by discontinuing the ketamine infusion. This finding supports data from our previous studies that the latencies of HSP are variable in intact rats even during ketamine anaesthesia [2] and divided into two groups in conscious human subjects [5] . Previous studies in cats [26] [27] [28] [29] [30] [31] demonstrated that primary afferent depolarization (PAD) could be evoked by stimulation of several CNS structures. These findings support the fourth mechanism proposed above that the principal nuclei involved in HSP production might be situated in the medulla but be influenced by other higher CNS structures.
The substantial decrease in HSP amplitudes observed in middle medulla-lesioned preparations indicates that part of the site responsible for impulse feedback may be situated at or rostral to the middle medulla. Although we could not define a specific nucleus within the medulla oblongata by the present method, it is probable that at least some of the feedback neurones are also located at a rostral region within the medulla.
Additional lesions at the level of the most caudal part of the medulla oblongata abolished HSP completely (table 2) . This indicates that another nucleus may be situated within the caudal part of the medulla, and that this part is the site most responsible for the feedback of impulses producing HSP. The caudal part of the medulla does not contain the raphe magnus but includes medullary reticular formations. These structures are known to be tonically influenced by the midbrain reticular formation or periaqueductal grey matter [16, 17, [24] [25] [26] [27] . Thus from our present results and those of previous reports on descending inhibitory control of spinal sensory transmission including pain, it is probable that HSP reflect the activities of descending controls activated by heterotopic sensory stimulation.
Recently, it was reported that diffuse noxious inhibitory control (DNIC) was not affected by destruction of PAG, cuneiformis nucleus and parabrachial nucleus by injection of ibotenic acid in the rat, suggesting that the nuclei responsible for DNIC are situated in the caudal part of the medulla. As shown in our previous report [2] , however, the neuronal mechanisms may be different between DNIC and HSP, as DNIC is produced only by noxious stimulation [6, 32] while HSP are produced by both non-noxious and noxious stimuli [2] [3] [4] [5] . Therefore, we could not document if there is any similarity in the central nuclei producing DNIC and those responsible for the HSP.
Ketamine has been shown to affect cortical and thalamic neuronal activities [33] , while having little effect on the midbrain reticular formation [34] . Nevertheless, cessation of ketamine infusion greatly augmented HSP even in the midbrain and ponslesioned preparations which still contained the medullary reticular formation. Furthermore, slow positive waves (P2) in the segmental spinal cord potential were affected by ketamine in the medullalesioned animals (spinalized preparation) (table 2), as observed previously in intact human [35] and rabbit spinal cords [36] .
There have been no reports on the effects of ketamine on the activity of the medulla oblongata derived from the influence of higher central nervous structures. The present results have shown that ketamine exhibits depressant effects on FP-HSP and HP-HSP in medulla-spinal cord preparations, and even a slight but significantly depressant effects on the slow P wave (P2) of the segSCP in spinalized preparations, while the negative wave (N1) of the segSCP remained unchanged. The results of the present study indicate that the depressant effects of ketamine on these feedback potentials (FP-HSP and HP-HSP) originated at least in part from the medulla in which the principal nuclei of the HSP are suggested to be localized. The present findings indicate also that segmental PAD, reflected as the P2 of the segmental SCP [1] [2] [3] [4] [5] , was also suppressed by ketamine in agreement with the results of our previous study in the intact human spinal cord [35] . From this effect of ketamine on the P2 of the segmental SCP, it is also conceivable that the depressant effect of the drug on both FP-HSP and HP-HSP is also in part exerted at the spinal segment level.
Indeed, nociceptive responses [37] and wind-up [38] of dorsal horn neurones have been found to be suppressed by intrathecal pretreatment with the NMDA receptor antagonists, MK-801 [38] and ketamine [39] . On the other hand, our own laboratory [40] has also shown that NMDA antagonists, MK-801 and ketamine, have somewhat different depressant actions depending on NMDA receptor subtypes. Therefore, inhibitory effects of ketamine on the dorsal horn may not be the same in all types of neurones which contribute to production of HSP.
Our previous studies [2] [3] [4] [5] have suggested that these slow heterosegmental slow positive potentials, FP-HSP and HP-HSP, reflect the feedback inhibitory potentials, presumably PAD, although more studies should be carried out to establish the relationship between HSP and feedback PAD, and also between rat HSP and human HSP [5] . Thus depressant effects of the drug on these inhibitory potentials may lead to relative excitement in terms of sensory transmission within the cord. Preservation of reflexes and involuntary movements frequently observed during ketamine anaesthesia might be a result at least in part of the depressant effect of the drug on these feedback inhibitory potentials and its segmental inhibitory mechanism.
